An evaluation of neutron-induced gamma-ray production cross sections and secondary spectra for the major tungsten isotopes has been completed for neutron energies from 10~5 eV to 20 MeV. The evaluation for energies in the kiloelectron-volt region is based on calculations. In the thermal and million-electron-volt regions, the evaluation is based on experimental data for natural tungsten that were fitted with a simple statistical theory. This theory facilitates smoothing and extrapolation to unmeasured neutron and gamma-ray energies and allows derivation of the constituent ^-^V, 18 'w, " W, and 186^ d a ta from the natural element measurements, thus enabling the gamma-ray evaluation to be combined with recent evaluations of isotopic neutron-production cross sections performed elsewhere.
gamma-ray de-excitation of levels following (n.n 1 ), (n,2n), and (n,3n) reactions, expressed as production cross sections in File 13. The (n,Y) photon energy distributions are given entirely as continuous spectra in File 15. The (n.xy) photon energy distributions are given as discrete photon cross sections in File 13 up to a neutron energy at which knowledge of the level decay properties of each isotope becomes unsatisfactory. At higher neutron energies, continuous spectra in File IS are used.
The nuclear properties of tungsten and its major isotopes are summarized in Sec. II• In Sec. Ill, the techniques used in the statistical theory calculations are discussed, and comparisons of the calculated and measured spectra are presented. In Sec.
IV, the evaluation of the (n,y) cross sections and spectra is described, and in Sec. V, the analysis of experimental (n.xy) data from (n.n'y), (n,2nY), and (n,3n>) reactions is summarized. In Sec. VI, the quality of the evaluated photon-production data is discussed, with a brief description of the uncertainties in the results. The small amount of 180 W prese.it tlons. The energy level decay schemes used to obin natural tungsten is ignored in this evaluation. Table I gives the Q-values and thresholds of important gamma-ray producing reactions for the major tungsten isotopes over the 0-to 20-MeV neutron energy range. Because the charged-particle-producins reactions such as (n,p), (n,a), and (n,np) have cross sections less than -.20 mb in this energy range, gamma rays from these reactions are not included explicitly in the evaluation, but they are lumped into the continuous spectra that represent the (n.n'v), (n,2nY), and (n,3nY) reactions. Similarly, gamma rays from (n,4n) reactions are barely possible near 20 MeV, but these were not included explicitly in
the theoretical calculations used to analyze the gamma-ray emission spectra.
Cross sections for discrete gamma rays produced in inelastic scattering through the first few levels of each of the major isotopes were calculated at low neutron energies from level excitation cross sec- 
III. STATISTICAL THEORY CALCULATIONS

A. Theory
Existing experimental data on garaaa-ray production from tungsten consist mainly of (n,xY) spectrum measurements from natural tungsten targets that are limited to gamma-ray energies greater than -0.7 MeV.
Therefore, to facilitate more accurate interpolation and extrapolation of these data into unmeasured neutron and gamma-ray energy regions and to estimate the spectra for individual isotopes, much of the available experimental data were analyzed with a simple statistical theory. The theory was used to calculate spectra of gamma rays from radiative capture and following (n,n'), (n,2n), and (n,3n) reactions. The calculations, which assume very simple, generally spin-independent forms for neutron and gamma-ray transition probabilities, are similar to 12 those described by Troubetzkoy. E 0 " S 2 " and from (n,3n) reactionj it is e.
Each of the residual nuclei is divided at excitation energyE into a continuum and discrete region. Above E , a continuum of levels represented by a level density function p(E) is assumed to exist; belo:; E , a series of N discrete levels with known decay schemes having excitation energies E. and neutron excitation cross section a. is assumed.
For inelastic scattering, the probability of the compound nucleus emitting a neutron of energy £ to a state at excitation E in the nucleus [A] is taken to be of the form
where a I (e) is the usual inverse cross section with E = E Q -E, and C (E-) is a normalization factor.
In Eq. 1, N (E) represents the absolute differential cross section for "first neutron" emission in units of cross section per unit energy, so that C n (E Q ) was determined from 
where ^(E-) is the total cross section for neutron emission from the compound nucleus. In Fig. 5 , where radiative capture and charged particle emission are assumed negligible, a g^E(0 * s simply the compound nucleus formation cross section and equals the sum of the inelastic, (n,2n), and (n,3n) cross sections, that is, ff n,n' (E 0 ) a n,2n< E 0> *n,3n (E 0> ' (3) States in the various residual nuclei populated by Eq. (1) were required to decay by further neutron emission if their excitation energy lay above the neutron separation energy, that is, if E > S.
States with E > S were required to gamma decay to 
1-1
Transitions among die discrete levels were computed directly using known level branching ratios.
The (n,n') level excitation cross sections were also inputted directly into the calculations, and Eqs.
(8) ant) (9) were used to calculate the discrete level excitation from continuum gamma-ray transitions.
The above discussion outlines the present, application of statistical theory to calculate gammaray spectra from (n,n')t <n,2n), and (n,3n) reactions.
The same technique was used to calculate spectra from radiative capture, but it will not be detailed here. The (n,n') cross sections to ail other levels were JSSUEC'C! to i>t-nuligible compared to excitation by gamma-ray cascades from higher levels. Fig. 11 . Measured and calculated gamma-ray spectra from the Nat M(n,x>) reaction for the 6.0-to 6.5-MeV neutron energy bin. The histogram is a theoretical fit to the (n.n'y) part of the Dickens et al. measurements. Fig. 13 . Measured and calculated gamma-ray spectra from the Nat W(n,xY> reaction for the 10-to 12-MeV neutron energy bin. The histogram is a theoretical fit to the (n.n'y) and (n,2nY) part of the Dickens et al. measurements.
X.
Again, the agreement is good between the fitted and measured spectra. Natw(n,XY) measurements. The crosses represent parameters obtained by fitting the (n,y) part of the measurements, and the circles indicate points obtained by analyzing the (n.n'y), (n,2ny), and (n,3ny) parts of the spectra. The curves connecting the points indicate parameter values used to calculate the spectra at intermediate energies in the evaluation.
The -curve also shows struea a 12 ± 2 MeV" 1 .
ture, particularly near the thresholds for the (n,2n) and (n,3n) reactions. Because a approximately equals the nonelastic cross section, one would expect a reasonably smooth behavior even near the particle thresholds. Therefore, although the good fits achieved in Figs. 8-16 are gratifying from such a simple theory, the oscillatory effects in the parameter curves of Fig. 17 
where E is the maximum gamma-ray energy from the reaction under consideration and E is the total energy removed by gamma rays, which equals the product of the average gamma-ray energy in the spectrum times the gamma-ray multiplicity. The improvement brought about by Eq. (16) is to force P(E) to zero at the maximum possible gamma-ray energy, although inclusion of the factor introduces a discontinuity -T in the slope of the spectrum at E = E .
In Figs. 18-20 we compare spectra calculated for W using the present technique (solid curves) and those obtained from Eqs. (15) and (16) (17) where B is the neutron binding energy in the compound nucleus, E-is the incident neutron energy in the center-of-mass system, and I is the average gamma-ray energy in the File 15 evaluated spectra.
Equation (17) . Evaluated and measured gamma-ray spectra from the " at W(n,xr) reaction for the 1.0-to 1.5-MeV neutron energy bin.
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3 ** Fig. 25 . Evaluated and measured z gamma-ray spectra from the §E Nat W(n,xY) reaction for CD the 1.5-to 2.0-MeV neu-«£ 7 tron energy bin.
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